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INTRODUCTION
The Mid dle Mio cene, Late Badenian, evaporites of the Carpathian Foredeep Ba sin have been for de cades a sub ject of dis cus sion, con cern ing as pects such as the con di tions of their de po si tion in the Paratethys (e.g., Garlicki, 1968 Garlicki, , 1979 Kolasa and Ślączka, 1985; Bukowski, 1994 Bukowski, , 2011 Peryt, 2006) and the na ture of tec tonic de for ma tion they un der went at the Carpathian orogenic front (e.g., Połtowicz, 1974 Połtowicz, , 1997 Połtowicz, , 2004 Tarka et al.,1988; Tarka, 1992; Jones, 1997; Krzywiec et al., , 2012 Krzywiec et al., , 2014 Głuszyński, 2014; Głuszyński and Aleksandrowski, 2014, 2015) . Here, we aim to il lus trate and explain the oc cur rence of the fore-Carpathian evaporites at strongly var ied palaeobathymetric po si tions in the fore land basin, us ing a case study from the vi cin i ties of Pilzno (Fig. 1) , where the PGNiG S.A. (Pol ish Oil and Gas Com pany) have com pleted two high-res o lu tion 3D seis mic pro jects in the tran sition zone be tween the fore land ba sin and the Carpathian orogenic wedge. Anal y sis and in ter pre ta tion of seis mic and bore hole data en abled us to rec og nize, in some de tail, the ba sin floor palaeotopography and the 3D ge om e try of the Carpathian orogenic front, the lat ter sig nif i cantly af fected by me chan i cal prop er ties of the rock salt con tained in one of the evaporite facies. Based on these re sults, we dis cuss the in flu ence that the lo cal dra matic mor phol ogy of the ba sin floor, it self partly controlled by struc tural fea tures of its Me so zoic bed rock, must have ex erted on the de po si tion of the evaporites oc cu py ing the lower part of the ba sin-fill. Al though the de pend ence of the evaporite fa cies on their palaeotopographic po si tion and the role of palaeovalleys in the Carpathian Foredeep sed i men ta tion have been al ready widely dis cussed at the ba sin scale (e.g., Garlicki, 1979; Bukowski, 2011) , our con tri bu tion con sists in de liv er ing a case study that shows these prob lems at a rel a tively de tailed scale. More over, since the or i gin of the fore-and sub --Carpathian palaeovalleys and the mode(s) of sa line sed i menta tion in the Carpathian Foredeep are still far from be ing fully un der stood, we also briefly dis cuss these ques tions in the context of the re search re sults of other au thors. Cen tral to our in terpre ta tion of evaporite fa cies dif fer en ti a tion and dis tri bu tion are pro cesses of evaporite redeposition. These are well-known from var i ous sed i men tary bas ins world wide (e.g., Schreiber et al., 1976; Schlager and Bolz, 1977; Sellwood and Netherwood, 1984; Peryt et al., 1993; Manzi et al., 2005) , in clud ing also the Carpathian Foredeep Ba sin (e.g., Kolasa and Ślączka, 1985;  
GEOLOGICAL SETTING
The area of our study is lo cated in south-east Po land, between the town of Pilzno and vil lage of Pogórska Wola, ca. 5 to 25 km east of Tarnów (Fig. 1) , at the orographic and tec tonic front of the north ern Carpathians.
STRUCTURE AND STRATIGRAPHY
Three ma jor tec tonic units oc cur in the study area (Książkiewicz, 1974; Połtowicz, 1974; Boratyn and Brud, 1996; Brud, 1999; Marciniec and Zimnal, 2009a, b) . The Outer Carpathian fold-and-thrust belt (1) is lo cated in the south and east and is com posed mainly of deep-wa ter siliciclastic turbidites (the Carpathian flysch) of Cre ta ceous to Paleogene age, tectonised in Mio cene times and rep re sented by a stack of the ma jor Skole, Silesian and Sub-Silesian thrust sheets (nappes), at the fron tal part of the Carpathian orogenic wedge. To the north it ad joins the Carpathian fore land (foredeep) ba sin (2), formed dur ing the Mio cene due to lithospheric flex ure in front of an ad vanc ing orogenic wedge (e.g., Oszczypko, 1997 Oszczypko, , 1998 Krzywiec, 1997 Krzywiec, , 2001 Oszczypko et al., 2006) . The Mio cene fill of the fore land ba sin com prises Badenian-Sarmatian (Mid dle Mio cene) siliciclastic strata with an im por tant low er most Up per Badenian evaporite unit near to the base of the suc ces sion (see e.g., Oszczypko et al., 2006; Peryt, 2006; Bukowski, 2011, for de tails and ref er ences) . The Mio cene strata are es sen tially undeformed over most of the ba sin; how ever, to the south, they be come af fected by fold ing and thrust ing in front of the Skole fron tal thrust, thus be ing in cluded in the Outer Carpathian fold-and-thrust belt as its mar ginal Zgłobice fold-thrust unit (Połtowicz, 1974 (Połtowicz, , 1991 Kotlarczyk, 1985) . Both the Outer Carpathian fold-thrust belt and the Carpathian fore land ba sin are un der lain by Permo-Me so zoic strata (3), rep re sent ing a slightly de formed sed i men tary cover of the West Eu ro pean Paleo zoic Plat form of Variscan and Cal edo nian base ment con soli da tion ("epi-Variscan plat form"), that ex tends far to the north and north-west (e.g., Oberc and Pożaryski, 1977; Khain, 1977; Ziegler, 1990; Jarosiński et al., 2009) .
Stud ies on the Badenian sed i men tary fill of the Carpathian Foredeep Ba sin date back to the 19th cen tury (see Oszczypko et al., 2006 and ref er ences therein) . Ac cord ing to the strati graphic sub di vi sion of Alexandrowicz et al. (1982) , the Bade nian suc cession of the study area, from base to top (Fig. 2 ), com prises: the siliciclastic Skawina For ma tion, the lat er ally equiv a lent evaporite Wieliczka and Krzyżano wice for ma tions, the top most and thick est, siliciclastic Machów For ma tion.
The Skawina For ma tion is com posed of shal low to deeper ma rine, partly turbiditic, con glom er ates, sand stones and claystones. The over ly ing Wieliczka For ma tion is formed of rock salt with in ter ca la tions of anhydrite, gyp sum and siliciclastic de pos its (claystones, mudstones), whereas its lat eral equiv a lent Krzyżanowice For ma tion (sul phate fa cies) con sists of gyp sum and anhydrite, in ter ca lated with mudstones and claystones. The topmost and thick est Machów For ma tion com prises mud stones, sand stones, claystones and con glom er ates, mostly of turbiditic and deltaic to la goonal or i gin (e.g., Piwocki et al., 1996; Aleksandrowski et al., 1996; Porębski, 1999; Aleksandrowski and Mastalerz, 2000; Oszczypko et al., 2006; Lis and Wysocka, 2012) .
The con tact of the Outer Carpathian fold-and-thrust belt with its fore land ba sin is struc tur ally com plex with the ge om e try chang ing along strike (Połtowicz, 1974 (Połtowicz, , 2004 Sieniawska and Aleksandrowski, 2008; Głuszyński and Aleksandrowski, 2014; Krzywiec et al., 2014; Głuszyński, 2014) . Near Pogórska Wola, stacked tec tonic slices of the Skole thrust sheet con sti tute a tectonic wedge that splits the Mid dle Mio cene rock-salt bear ing evaporite suc ces sion into two pack ages ( Fig. 3) . A re sult of the Badenian and Sarmatian wedge tec ton ics (cf. e.g., Banks and War bur ton, 1986; McKay et al., 1996; Krzywiec and Aleksandro wski, 2004) at the front of the Skole thrust sheet are fold ing and thrust ing phe nom ena, in clud ing ma jor backthrusts and trian gle zones, that af fect the south ern mar gin of the foredeep Mio cene strata.
BASIN FLOOR TOPOGRAPHY AND EVAPORITES IN DEEP PALAEOVALLEYS
The floor of the Carpathian fore land ba sin near Pilzno is an ero sional sur face partly fol low ing the top of and partly deeply dissect ing flat-ly ing Cre ta ceous and Ju ras sic strata of the ba sin's base ment . The lat ter is transected with NW-SE and NE-SW trending faults Moryc, 1996) and con tains a sys tem of ero sional troughs, in the Carpathian Foredeep re ferred to as palaeovalleys (Jucha, 1974; Nowotarski and Gara, 1985; Krzywiec, 1997 Krzywiec, , 2001 Połto wicz, 1998 Połto wicz, , 1999 Karnkowski and Ozimkowski, 2001; Oszczy pko et al., 2006) . In the study area this sys tem of troughs, com posed of the merg ing Żukowice -Wygoda (Karnkowski, 1989) and Jaśniny palaeo valleys (Połtowicz, 1998; Bukowski, 2011) is rep re sen ted by the prom i nent, south erly wid en ing and deep en ing palaeo valley of Pogórska Wola that cuts sev eral hundred me tres down into the ba sin's Me so zoic base ment . Połtowicz (1999) de scribed the pres ence of Mio cene evaporites from this palaeovalley and in ter preted them as olistoliths mo bi lised by mid-Badenian ero sion of shal low parts of the palaeovalley and its sur round ings and re de pos ited into deeper lo ca tions. At the same time, Karnkowski and Ozimkowski (2001) ex pressed the opin ion that the Mio cene sed i men tary fill of the Pogórska Wola palaeovalley con tains no evaporites, which was con sid ered by them as typ i cal of the fore-Carpathian palaeovalleys. The al leged ab sence of evapo rites from the palaeovalleys' sed i men tary fill was ex plained by these au thors as due to the con sid er able depths of the ero sional troughs, which must have ham pered chem i cal de po si tion. Other au thors, however, on the ba sis of bore hole and seis mic data, ex pressed quite dif fer ent opin ions. For ex am ple, ac cord ing to Krzywiec et al. (2008) , the seis mic re cord sug gests the prob a ble pres ence of evaporites in side deep palaeovalleys in cised into the so-called Rzeszów is land, an area oth er wise de void of such de pos its, believed by some au thors as due to post depositional ero sion (Komorowska-Błaszczyńska, 1965; Oszczy pko et al., 2006 ; but see Krzywiec et al., 2008 for a dif fer ent opin ion). In par tic u lar, Bukowski (2011) main tained that the chlo ride fa cies de pos its in the Carpathian Foredeep must have formed in the orig i nally deep est, south ern part of the ba sin, in clud ing palaeovalley floors, such as that of Pogórska Wola, whereas in the shal lower ar eas to the north, the sul phate evaporites orig i nated.
DATA AND METHODS
Time-mi grated seis mic data from two 3D sur veys of PGNiG S.A. were used for the anal y sis: "Wygoda-Pilzno 3D", car ried out in the year 2000, and re pro cessed and depth con verted in 2007, and "Pogórska Wola 3D" of 1994. Our struc tural in ter preta tion of the 3D seis mic data con cerned the sed i men tary fill of the Carpathian Foredeep, north of the Carpathian flysch thrust front. Its re sults were in te grated with those of sev eral 2D seismic sec tions ex tend ing far ther south, over the Carpathian flysch thrust sheets, and of a study of ca. 150 bore hole pro files (con tain ing data from mud logs, bore holes and, in fre quently, bore hole geo phys ics). The in ter pre ta tion and in te gra tion of geo log i cal and geo phys i cal data were per formed us ing the petro leum in dus try-ori ented soft ware Pe trel ( TM Schlumberger). Our anal y sis made use of the ca pa bil i ties of the soft ware to handle 3D data in or der to cre ate seis mic sec tions in any ori en tation, in clud ing hor i zon tal time-slice maps. It was aided, too, by us ing seis mic at trib utes avail able in the soft ware.
RESULTS
Our struc tural in ter pre ta tion re sulted in de tailed rec og ni tion of the top sur face of the Carpathian Foredeep Me so zoic sub - 496 Andrzej G³uszyñski and Pawe³ Aleksandrowski
Fig. 2. Stra tig ra phy of the Mio cene de pos its in the Carpathian Foredeep near to Pilzno (A) and its vari a tions at dif fer ent palaeotopographic po si tions in the Pogórska Wola palaeovalley (B) shown on a seis mic sec tion trans verse to the palaeovalley axis (C)
Our struc tural in ter pre ta tion re sulted in de tailed rec og ni tion of the top sur face of the Carpathian Foredeep Me so zoic substrate be tween Pilzno and Pogórska Wola. The palaeo topography of the Pogórska Wola palaeovalley and of its high --stand ing, uneroded flanks (shoul ders; be low also re ferred to as pla teaux) was stud ied. The seis mic data, lo cally com plemented with ar chi val bore hole in for ma tion on the li thol ogy and stra tig ra phy, made it pos si ble to trace sev eral lithostratigraphic ho ri zons within the Mid dle Mio cene fill of the foredeep, and in its Me so zoic base ment, and, thus, to rec og nize the base ment faults and to un der stand the 3D ge om e try of the Carpathian front at its tran si tion to the fore land ba sin, which will be discussed in detail in separate publications.
FLOOR OF THE FOREDEEP
As re vealed by the 3D seis mic data stud ied, the ero sional top of the Me so zoic suc ces sion, de fin ing the foredeep ba sin floor, is mor pho log i cally highly di verse. The west ern part of the area is dom i nated by the Pogórska Wola palaeovalley of southeast erly to south erly plung ing axis. It cuts across the Cre ta - In its north ern seg ment, the NW-SE trending palaeovalley is rel a tively nar row (ca. 3400 m in width) and cuts ca. 1200 m deep into the Me so zoic base ment. To the south, its trend changes to that of NNE-SSW, and its width con sid er ably increases. Ul ti mately, at the south ern limit of the study area, the palaeovalley at tains a width >8 km and cuts into the (slightly south erly in clined) Me so zoic sub strate by ca. 750 m (Figs. 5 and 6). The palaeovalley edges are dog-leg shaped in map view, whereas in cross-sec tion the palaeovalley is V-shaped in the north, with its pro file grad u ally be com ing more gen tle and open to the south (Fig. 5 ).
In the east ern part of the area, near Pilzno, the ero sion has only slightly af fected the Me so zoic base ment, ex cept for its south ern ex trem ity (Fig. 5 ). The top Me so zoic sur face is at a much higher po si tion than the palaeovalley floor and de fines a pla teau, in clined slightly south wards to southeastwards. At the south, mostly out side the map area of Fig ure 5 , the wide erosional de pres sion of Pilzno ex tends ( Fig. 5) , from which the Cre ta ceous strata were re moved prior to the Late Badenian. The lat ter de pres sion and the Pogórska Wola palaeovalley are sep a rated by a flat-topped ridge south of Łęki Dolne, which contin ues far to the south, be yond the area of study (Fig. 5 ). In the 498 Andrzej Głuszyński and Paweł Aleksandrowski
Fig. 4. Base ment top sur face mor phol ogy of the Carpathian Foredeep Ba sin (A) and around the Pogórska Wola palaeovalley (B); based on Nowotarski and Gara (1985) and Górecki et al. (2012)
Cre ta ceous strata were re moved prior to the Late Badenian. The lat ter de pres sion and the Pogórska Wola palaeovalley are sep a rated by a flat-topped ridge south of £êki Dolne, which contin ues far to the south, be yond the area of study ( Fig. 5 ). In the north east ern part of the area, the top Me so zoic sur face shows gen tle wavy mor phol ogy, pre sum ably in part due to dis placements on NW-SE faults, which col lec tively have an ef fect of stepwise low er ing of this sur face to wards the south-west.
FAULTING IN THE MESOZOIC BASEMENT AND ITS CONTROL ON THE BASIN FLOOR TOPOGRAPHY
In the west ern part of the study area, around the Pogórska Wola palaeovalley, two high-an gle fault sets of NW-SE and NE-SW trends, cut ting the Cre ta ceous-Ju ras sic base ment, were in ter preted from seis mic pro files and time-slice maps, using am pli tude and vari ance seis mic at trib utes (Figs. 6-10). As a rule, the dis place ments on the faults do not con tinue from the Me so zoic base ment up into the Mio cene strata (Figs. 7 and 8), which con strains the up per age limit for the fault ac tiv ity and shows that the Badenian-Sarmatian sed i men ta tion in the study area was, in gen eral, not in flu enced by fault-block ac tiv ity of the base ment.
The NW-SE and NE-SW trends are mim icked by rec ti lin ear edges of the Pogórska Wola palaeovalley (Figs. 5 and 6). On seis mic pro files run ning across the NW-SE and NE-SW fault zones, steep struc tural dis con ti nu ities are vis i ble along the palaeovalley edges (fault zones F4 to F6 and F7 to F9 in Figs. 9D and 10). The faults throw the Ju ras sic strata much in ac cor dance with the palaeovalley pro file shape (Figs. 7 and 9), im ply ing that the palaeovalley de vel oped in a tec tonic graben sys tem, mod ified by pre-Late Badenian ero sion along me chan i cally weak fault-re lated frac ture zones in the Me so zoic base ment.
The NW-SE fault zones are com posed of clus ters of reverse faults (la belled F4 and F6 in Figs. 8 and 9), which, as shown by their ge om e try, likely rep re sent pos i tive flower structures re lated to a pre-Late Badenian (pre-Mio cene? pos si bly end Cre ta ceous?) strike-slip com po nent of mo tion.
In the east ern part of the area, the seismics has re corded mainly faults of one sys tem, of NW-SE trend. They are well --rep re sented on seis mic sec tions run ning NE-SW and on seismic depth-slices (seis mic maps show ing hor i zon tal in ter sec tion planes at a given depth level; Figs. 11 and 12). Those faults are mostly nor mal, with the ma jor ones (F1 to F3) hav ing their SW sides down thrown. They are ac com pa nied by lower -or der an tithetic or syn thetic faults (Figs. 11 and 12) with dis place ments at the limit of seis mic res o lu tion. Their in ter pre ta tion was fa cil i tated by us ing seis mic at trib ute anal y sis ( Fig. 12 ).
Since the Mio cene strata in the Carpathian Foredeep Ba sin near Pilzno are not or lit tle af fected by ac tiv ity of the base ment faults, the re lief of the top Me so zoic ero sional sur face must have al ready been mostly fin ished (i.e. in its pres ent-day shape) and highly var ied dur ing Late Badenian times. On the other hand, the ear lier, pre-mid Badenian ero sional in ci sion into the Me so zoic bed rock that pro duced the Pogórska Wola palaeovalley, was pre sum ably partly co eval with the fault ac tiv ity. The in ci sion pat tern, rep re sented by the Pogórska Wola palaeovalley po lyg o nal edges, clearly mim ics that de fined by fault traces ex posed on the Me so zoic top sur face (Figs. 5 and 6), The lower part of the foredeep ba sin's Mio cene fill in the study area has been reached by >70 bore holes dur ing the last six de cades (Fig. 13 ). The bore holes en coun tered ei ther the Krzyżanowice For ma tion (sul phate fa cies) or mixed, sul phate --chlo ride fa cies of the Wieliczka For ma tion or, in places, did not re cord the evaporite suc ces sion in the strati graphic pro files pen e trated.
The pres ent-day and orig i nal dis tri bu tions of the evaporite fa cies in the study area, as re con structed by us from bore hole and seis mic data, are shown in Fig ure 13 . On the el e vated plateaux of the north ern part of the area, mostly north of the Carpathian orogenic front, the evaporites are cur rently rep resented by autochthonous Krzyżanowice For ma tion sulphates (anhydrite), ex cept for sev eral bore holes sit u ated on the plateaux, but al ready south of the orogenic front, in which chloride-sul phate fa cies evaporites of the Wieliczka For ma tion were drilled in allochthonous po si tion along the sole thrust of the Skole Nappe. The lat ter sit u a tion is com mon south of the Carpathian fron tal thrust over the palaeobathymetric lows inside the Pogórska Wola palaeovalley and in the Pilzno de pression, where de formed, tec toni cally thick ened Wieliczka For mation evaporites also fre quently ac com pany ma jor backthrusts of the Zgłobice thrust unit, or rep re sent a piggy-back sed i men tary suc ces sion set tled on top of the Skole Nappe (Figs. 3, 13 and 14) . In some bore holes ha lite-bear ing evaporites are tec tonically du pli cated or even trip li cated. How ever, apart from the most com mon allochthonous po si tion and tec toni cally deformed char ac ter is tics of the Wieliczka For ma tion, in the southern part of the study area, there are also some evaporite strata of the Wieliczka For ma tion, par tic u larly the low er most ones, that prob a bly oc cur in autochthonous sit u a tion.
As the me chan i cally weak ha lite-bear ing ho ri zons sig nif icantly fa cil i tated the thrust ing, the north ern ex tent of the Wieliczka For ma tion has con trolled that of the Carpathian orogenic front as well as the tec tonic in volve ment of the Miocene strata in the Zgłobice thrust unit. There fore the ex tent of in tense de for ma tion in the evaporite suc ces sion re flected on seis mic time slices from in side the palaeovalley (Fig. 14) , was used by us in some prob lem atic sit u a tions to in fer the pres ence of ha lite-bear ing evaporites and to dif fer en ti ate the lat eral extent of the Wieliczka vs. Krzyżanowice for ma tions (Fig. 13 ).
On the steep slopes of the north ern part of the palaeovalley, near the vil lages of Żdżary and Żukowice, no evaporite de pos its were pen e trated. This hap pened in e.g., the Żdżary-7 bore hole (Figs. 13 and 14) , lo cated in the mid dle of the palaeovalley slope, where the Machów For ma tion rests di rectly on top of Juras sic strata. On the up per most part of the slope and on the palaeovalley shoul ders, on top of the pla teaux, the evaporites of the Krzyżanowice For ma tion show in sig nif i cant thick ness, usually <10 m, though spo rad i cally >20 m. This is ex em pli fied in the Żukowice-42 bore hole (Fig. 15) , where a 9 m thick evaporite suc ces sion of light grey anhydrite with clayey in ter ca la tions had been drilled (but not cored), un der lain by only 1 m of sub --evaporite de pos its be fore the Ju ras sic sub stra tum was reached. A sim i lar de vel op ment of the evaporites was ob served in the Wola Rzêdziñska-1, ¯ukowice-34 and Pilzno-8, -15 and 24 bore holes ( Fig. 15 and Ap pen dix 1*).
In side the palaeovalley, still within the ex tent of the zone of orogenic de for ma tion, but near to its north ern bound ary, the Pogórska Wola-16 bore hole reached the subevaporite suc cession . In this bore hole the suc ces sion is up to 118 m thick and, ac cord ing to a PGNiG S.A. ar chi val bore hole de scrip tion (Ap pen dix 1), is rep re sented by "grey ish, par al lel or wavy, lam i nated anhydrite with in ter ca la tions of grey claystone and mudstone, oc ca sion ally con tain ing frag ments of Ju ras sic lime stone" with no ha lite. Since, how ever, only few, se lected core in ter vals have been ex tracted from this bore hole, it is still pos si ble that the sulphates are ac com pa nied there by (in sig nif icant) chlo ride interlayers. The evaporites in this bore hole are un der lain by the sub-evaporite Skawina For ma tion, at least 120 m thick (not drilled through) of claystones and siltstones. No rock salt in ter ca la tions were men tioned, ei ther, in an ar chival doc u men ta tion of the ¯ukowice-44 bore hole, where no coring in the evaporite suc ces sion was made.
In the south ern part of the area, in the deep est seg ment of the palaeovalley af fected by the orogenic de for ma tion, thick or very thick chlo ride-sul phate evaporite ac cu mu la tions are doc umented in sev eral bore holes ( Figs. 15 and 16 ). An ex am ple is the Podlesie-2 bore hole with a 330 m thick evaporite suc cession of anhydrite and ha lite with clayey in ter ca la tions . Be low it, the Skawina For ma tion oc curs, rep re sented by claystones and siltstones, also of ab nor mal thick ness (360 m). Evaporite rocks within the palaeovalley of ten show blocky, dis rupted char ac ter is tics, de fin ing cha otic fab rics typ i cal of sub ma rine slump ing, de bris flow or olistostrome-type de posits (e.g., Bukowski, 1994 Bukowski, , 2011 Po³towicz, 1999 ). An ex am ple of evaporite de vel op ment from in side the palaeovalley may be "white, crys tal line rock salt, in lay ers 30 to 220 cm thick, folded to gether with up to sev eral centi metre thick light col our sandstone lay ers; dark grey salt, reg u larly lam i nated with clayey, sandy and anhydritic ma te rial, lo cally small-size anhydrite debris and dark grey shale with anhydrite and ha lite laminae" (PGNiG S.A. ar chi val core de scrip tion from the Jaoeniny-7 borehole, 1982). The avail able in for ma tion on the char ac ter is tics of eva porite rock drilled in side the Pogórska Wola palaeovalley is syn op ti cally pre sented in Ap pen dix 1. This in for ma tion co mes di rectly from ar chi val drill ing bore hole de scrip tions. As mentioned ear lier, the much in creased to tal thick ness of the Wieliczka For ma tion ob served in the palaeovalley is partly due to post -depositional tec tonic de for ma tion: fold ing and thrust ing in front of the Carpathian nappe stack, in clud ing in volve ment in wedge tec ton ics phe nom ena (Krzywiec et al., 2014; G³uszyñski, 2014) , which makes the res to ra tion of the orig i nal po sition of the rock salt de pos its dif fi cult, though not im pos si ble.
The evaporite suc ces sion in the palaeovalley is cov ered by clastic de pos its of the 1000 to 2000 m thick Machów For ma tion, which onlap the palaeovalley slopes and, at higher lev els, spread lat er ally across the ad ja cent pla teaux. The flex ure of intra-Machów For ma tion seis mic re flec tors across the palaeovalley edges and their downwarping above the palaeo valley axis (Fig. 2C ) are due to late dif fer en tial com pac tion that has affected the post-evaporite de pos its, the lat ter be ing much thicker above the palaeovalley than over its sur round ings.
DISCUSSION TIMING AND ORIGIN OF THE PALAEOVALLEY
The Pogórska Wola palaeovalley is one of a sys tem of more than twenty ero sional troughs plung ing be low the Outer Carpathian fold-thrust belt that are deeply in cised into the Meso zoic, Pa leo zoic and, lo cally, older bed rock of the Carpathian north ern fore land in a zone ex tend ing from Aus tria and the 502 Andrzej G³uszyñski and Pawe³ Aleksandrowski Czech Re pub lic in the west, through Po land, to Ukraine in the east. In Po land the palaeovalleys are pre dom i nantly ori ented NW-SE to N-S west of Rzeszów, and N-S to NE-SW fur ther to the east (e.g., Stahl, 1932a, b; Jucha, 1974 Jucha, , 1985 Oszczypko and Tomaś, 1976; Nowotarski and Gara, 1985; Oszczypko and Ślączka, 1985; Karnkowski, 1989; Połtowicz, 1998; Jura, 2001; Oszczypko et al., 2006; Baran and Jawor, 2009 ). Their sed i men tary fill is still not suf fi ciently known (Krzywiec, 2010) . In the cases where their ax ial zones have been drilled, the palaeovalleys are filled with thick Badenian (in places older) to Sarmatian clastic molasse de pos its with an evaporitic unit in their lower parts (e.g., Karnkowski, 1989; Moryc, 1995 Moryc, , 1996 Połtowicz, 1998; Krzywiec, 2010; Bukowski, 2011) . In most gen eral terms, the or i gin of the palaeovalleys in Poland has been ex plained ei ther by Paleogene flu vial ero sion of the Carpathian fore land (e.g., Jucha, 1974; 
sec ond TWT from a 3D seis mic sur vey made in am pli tude ver sion (A) and in variance (B), and am pli tude con trast at trib ute (C) ver sions; such time slices have been used for in ter pret ing faults in the Ju ras sic-Cre ta ceous base ment of the ba sin; the in ter preted faults are shown in (D) on the back ground of time slice B
Tomaś, 1976; Karnkowski, 1989; Połtowicz, 1998) , by some au thors be lieved to have con tin ued in sub ma rine con di tions (e.g., Karnkowski, 1989; Połtowicz, 1998) fol low ing the fore --Carpathian sub si dence that com menced in the Early Mio cene. An al ter na tive idea, now mostly aban doned, con sisted in consid er ing these lin ear depocentres in the floor of the Carpathian Foredeep as tec tonic grabens (e.g., Oszczypko and Ślączka, 1985) , an idea still, in part, timely, how ever, in in ter pret ing the ero sional troughs as struc tur ally con trolled (Krzywiec, 1997 (Krzywiec, , 2001 .
In more de tailed ap proach, an ex pla na tion for the or i gin of these ero sional troughs in the Pol ish and Moravian seg ments of the Carpathian Foredeep is usu ally made in two ways. The geolog i cal in ter re la tion ships in ero sional troughs in south ern Moravia some 300 km WSW, and in a few such troughs near Sędziszów Małopolski and Rzeszów ap prox i mately 50-60 km east of the study area (Fig. 18 ) are taken as ev i dence for intense Early Paleogene flu vial in ci sion (Picha et al., 2006; Krzywiec, 2010) af fect ing ar eas sig nif i cantly up lifted dur ing the end-Cre ta ceous "Lara mide" compressional event (e.g., Ziegler 
3D di a gram (A -partly in ter preted, B -in ter preted) com bin ing ver ti cal seis mic sec tions with a hor i zon tal time slice map (made us ing vari ance at trib ute)
View look ing south-west; a sec tion from Figure 7B is used, but in a view from the other side and DÀzes, 2007; Kley and Voigt, 2008; Scheck-Wenderoth et al., 2008) , such as the peri-Carpathian parts of the Mid-Pol ish Swell and the pe riph er ies of the Bo he mian Mas sif that were drained to the Carpathian flysch ba sin. The ba sis for such an inter pre ta tion, as sum ing deep ero sion im me di ately af ter the end-Cre ta ceous up lift, is sup plied by the two ma jor, 1.5 km deep, tec toni cally con trolled ero sional south ern Moravian troughs of Vranovice and Nesvaèilka (Fig. 18 ), plung ing be low the Carpathian fron tal thrust (Picha, 1979; Picha et al., 2006) and filled with Paleogene clastic de pos its, rang ing in age from the Early Paleocene to the Early Oligocene (Jiøièek, 1994) . The Paleogene sed i men ta tion is be lieved to have oc curred there directly af ter a pe riod of flu vial ero sion and sub se quent sub sidence. A sim i lar sit u a tion is in ter preted in a few palaeovalleys around Rzeszów that are filled with pre-Badenian, prob a bly Paleogene, con ti nen tal de pos its (Moryc, 1995;  see also dis cussion by Krzywiec, 2010 , con tra dicted by Jarosiñski et al., 2010 . Anal o gous sit u a tions in a num ber of ma jor Paleogene-filled palaeovalleys are re ported by Shpak et al. (1999) from the Ukrai nian Carpathian Foredeep. An al ter na tive view (Jarosiñski et al., 2009 (Jarosiñski et al., , 2010 , con siders the flu vial in ci sion of the Me so zoic and older strata of the Pol ish Carpathian fore land to have oc curred rather later, dur ing Late Oligocene to Early Mio cene times and to have af fected the up lifted fore-Carpathian pe riph eral bulge that formed in front of the ap proach ing Carpathian flysch fold-and-thrust wedge in its early, "Savian", stage of ad vance ment. The in ci sion is be lieved to have shortly or di rectly pre ceded the de po si tion of the Badenian-Sarmatian fill of the palaeovalleys. Sim i lar opin ions were ear lier ex pressed by Po³towicz (1999) , who op posed the Paleogene age as sess ment by Moryc (1995) for the fill of the palaeovalleys near Rzeszów and Sêdziszów. More over, the Early Paleocene to Early Oligocene age de ter mi na tion of Jiøièek (1994) for the sed i men tary fill of the Moravian palaeovalleys is at odds with ear lier de ter mi na tions by other au thors, sev eral of which point to its Late Eocene to Early Oligocene age (Picha et al., 2006 and ref er ences therein) .
Tak ing into ac count all the avail able data from the en vi rons of Pilzno, both the above ap proaches to date the de vel op ment of the deep ero sional troughs at the Carpathian fore land can be suc cess fully ap plied to the Pogórska Wola palaeovalley. A com bi na tion of both ap proaches can also be the o ret i cally consid ered, as sum ing a com plex evo lu tion of Carpathian palaeovalley sys tems with al ter nat ing pe ri ods of ero sion and de po sition, in flu enced by suc ces sively chang ing sce nar ios, in clud ing mu tu ally de pend ent ep i sodes of re cur rent thrust ing and tectonic ex ten sion, sub si dence and up lift events, of eustatic and chang ing to pog ra phy-con trolled sea level vari a tions, ad di tionally af fected by cli ma tic changes. Such an ap proach, al though far from be ing rec og nized in de tail, may nev er the less be quite ap pro pri ate in the case of the fore-Carpathian palaeovalleys, includ ing that of Pogórska Wola, tak ing into ac count the com plex evo lu tion of the Moravian palaeovalleys. The al ready mentioned ma jor NW-SE trending (orogen-trans verse) Vranovice and Nesvaèilka Paleogene ero sional troughs in Moravia are super im posed at right an gles by a youn ger, SW-NE (orogen-paral lel) Iváò can yon (Dellmour and Harzhauser, 2012;  Fig. 18 ), incised to a depth of 600 m into Karpatian (Lower Mio cene) clastic de pos its of the Carpathian Foredeep fill and un con formably filled with Up per Karpatian (up per most Burdigalian) strata.
Fig. 11. Seis mic sections A and B (depth do main) show ing faults in the Me so zoic base ment of the east ern part of the study area
The faults do not con tinue up wards into the Mio cene strata Far ther to the north this palaeovalley cuts even deeper, into the Eggenburgian of the foredeep fill and into the Ju ras sic basement (Jiřiček and Seifert, 1990; Jiřiček, 1995) . The tim ing of its stage of ma jor ero sion is there es tab lished at 16.5 Ma (Late Karpatian) and fol lowed by an other ero sional event af fect ing the palaeovalley fill and brack eted be tween 16.3 Ma (Late Karpatian) and 15.1 Ma (Early Badenian). The main ero sion is at trib uted there to an iso static re bound of the orogenic fore land, fol low ing thrust em place ment of the ad ja cent Carpathian orogenic front at 17-18 Ma (Dellmour and Harzhauser, 2012) . A sep a rate ques tion can be posed as to the pro por tion of the palaeovalleys' his tory that took place in subaerial ver sus sub ma rine con di tions. In gen eral, as re gards the palaeovalleys in Po land, no at tempts have been made to as cribe their or i gin fully to ma rine pro cesses, in con trast to some hy poth e ses put for ward to ex plain the sce nario of the Messinian sa lin ity cri sis (cf. e.g., Roveri et al., 2014; Lugli et al., 2015) . This at ti tude seems to be cor rect, tak ing into ac count the im por tant con trasts be tween the geo log i cal set tings of the Med i ter ra nean and the Carpathian Foredeep: a deep ma rine ba sin, partly un der lain by oce anic crust and con tain ing no ar eas ex pected to be much uplifted prior to and dur ing the sa line de po si tion in the for mer case, com pared with an orogenic foredeep ba sin rest ing en tirely on con ti nen tal crust and un der go ing more or less sub stan ti ated and sig nif i cant ver ti cal mo tions due to the con ti nen tal-scale end-Cre ta ceous compressional event, to flex ural bend ing of the Carpathian fore land loaded with the orogenic wedge and to an ex pected sub se quent iso static re bound in the lat ter case.
In the Med i ter ra nean, the or i gin of both cur rently ex posed and bur ied sub ma rine can yons re lated to the Messinian sa lin ity cri sis is gen er ally ex plained in two ways. The clas si cal model (Hsü et al., 1973) of "shal low-wa ter deep-ba sin" (SWDB) assumes a rad i cal sea level fall by ca. 1.5 km due to evap o ra tion in an iso lated ma rine ba sin, lead ing to subaerial ex po sure of the ba sin slopes and shelves and to local ised deep flu vial in ci sion. Al ter na tive mod els of "deep-wa ter deep-ba sin" (DWDB; Schmalz, 1969 Schmalz, , 1991 De Benedetti, 1982; Dietz and Woodhouse, 1988) do not re quire sea level fall and as sume a submerged po si tion of eroded ba sin slopes dur ing per sis tent sea level highstand con di tions, while re fer ring to such mech a nisms of sub aque ous ero sion, can yon in ci sion and sed i ment trans port in can yons, as tur bid ity cur rents, storms, hyperpycnal flows from river floods, ma rine sa line underflows and dense shelf water cas cad ing (Lugli et al., 2013; Roveri et al., 2014 and ref erences therein).
Both the above Med i ter ra nean mod els ob vi ously can be of some ap pli ca bil ity in ex plain ing the or i gin of the peri-Carpathian palaeovalleys, how ever, dis tin guish ing fea tures re sult ing from each of them, and, thus the con tri bu tion of each mode of erosion, is not a triv ial task, and, hence, again, the opin ions of some ge ol o gists en gaged in in ves ti ga tions of the Carpathian fore land (Picha, 1979; Karnkowski, 1989; Połtowicz, 1998; Krzywiec, 2001; Picha et al., 2006) as sum ing -in gen eral terms only -a tran si tion from subaerial into sub aque ous ero sion during the palaeovalleys' evo lu tion should be re garded as jus ti fied and rea son able.
PROBABLE MODES OF DEPOSITION
In con sid er ing the course and con di tions of the Late Badenian evaporite de po si tion in the en vi rons of Pilzno we ba -si cally ac cept the model pre sented by Bukowski (2011) . The evaporites were de pos ited both on the floor of the Pogórska Wola palaeovalley and -up to 1300 m higher -on the ad ja cent high-stand ing pla teaux. At the on set of de po si tion the palaeovalley floor be came cov ered with a suc ces sion sev eral tens of metres (in the Pogórska Wola-16 bore hole) to at least 350 m thick (in the Podlesie 2 bore hole) of sub-evaporite claystones and mudstones of the Skawina For ma tion (Figs. 15  and 19 ), partly rep re sent ing fine-grained turbidites. Dur ing the sub se quent evaporite sed i men ta tion, the ini tial large el e va tion dif fer ences of the ba sin floor were thus al ready slightly subdued, be cause of the Skawina For ma tion partly fill ing the palaeovalley. How ever, even as sum ing an even tual con sid erable com pac tion of the sub-evaporite strata, the re lief of the basin floor still re mained prom i nent, with el e va tion dif fer ences of 600 to 900 m (Fig. 19) . The sed i ments did not set tle per manently on steep palaeovalley slopes. Even if tran sient de po sition on these slopes had lo cally oc curred, the re sul tant sed iments must have been soon washed away and fi nally re de posited on the palaeovalley floor.
Two con trast ing groups of sce nar ios of deep evaporite de posi tion on the Pogórska Wola palaeovalley bot tom can the o ret i -
Fig. 13. Evaporite fa cies dis tri bu tion in the Carpathian Foredeep near Pilzno, based on bore hole and seis mic data
The ex tent of the ha lite-bear ing fa cies has been partly de ter mined as equiv a lent to the seis mi cally re corded ex tent of tec tonic compressional de for ma tion; Go -Golemki, Gr -Grabiec, K -Karolówka, M -Machowa, J -Jaśniny, P -Pilzno, PW -Pogórska Wola, W -Wygoda, Ż -Żukowice, Żd -Żdżary Time slice at 1.52 sec ond TWT in am pli tude ver sion (A), and in 3D cur va ture (B), and vari ance con trast (C) at trib ute ver sions; the inter preted ex tent of compressionally de formed (i.e. in ferred to be ha lite-bear ing) evaporites is shown in D, us ing the time slice from C im posed on the time struc ture map of foredeep base ment top sur face (Fig. 4) ; the lat eral ex tent of fold-thrust type de for ma tion in the lower evaporite pack age and in the tri an gle zone of the up per pack age was de ter mined us ing seis mic at trib utes anal y sis; the fold-thrust type de for ma tion in the evaporite suc ces sion is lat er ally con fined to the palaeovalley in te rior; the struc tures are gen er ally trans verse to the palaeovalley slopes, show ing some drag at the con tact
Fig. 15. Se lected bore hole pro files used in this study
The bore holes Podlesie-2 and Pogórska Wola-16 are lo cated in the ax ial part of the palaeovalley; the Podlesie-2 bore hole shows the evaporite suc ces sion tec toni cally thick ened (up to 330 m), whereas Pogórska Wola is out side the zone of de for ma tion; the ¯d¿ary-7 borehole with no evaporites is on the palaeovalley slope; the bore holes ¯ukowice-34 and 42 with a much re duced evaporite suc ces sion (5 and 9 m, re spec tively), are lo cated on palaeovalley shoul ders cally be con sid ered, rem i nis cent of the al ready re viewed Med iter ra nean SWDB and DWDB mod els: (1) shal low-wa ter de po sition in the case of a sev eral hun dred metres sea level drop and (2) deep-wa ter de po si tion at depths in the range of 600-900 m.
The shal low-wa ter hy poth e sis seems to be im prob a ble, though not im pos si ble in the case of an iso lated ba sin, be cause of the required ex treme value of sea level drop, at odds with the eustatic curve (cf. Haq et al., 1988) , ap par ently in ab sence of tec tonic block dif fer en tial dis place ments dur ing the evaporite sed i men tation and at later times, as can be in ferred from our stud ies of the seis mic data. More over, if even such a sig nif i cant sea level fall ac tu ally took place, the thin evaporite suc ces sion and the un derly ing Skawina For ma tion sed i ments, de pos ited on top of the high pla teaux, would have been likely mostly eroded and re moved, which ap par ently has not oc curred. Only the deep-wa ter sce narios of evaporite de po si tion (cf. e.g., Roveri et al., 2014; Lugli et al., 2015) in the palaeo valley seem thus to be ac cept able in our case, in line with the sea level drop not ex ceed ing 100 m in the Carpathian Foredeep dur ing the Badenian sa lin ity cri sis assessed by other au thors from re gion ally more com pre hen sive stud ies (Oszczypko, 1998; B¹bel, 2004; Peryt, 2006; Bukowski, 2011) . The deep -wa ter sce nar ios are, more over, ca pa ble of com bin ing si mul ta neous shal low-wa ter evaporite de po si tion on the pla teaux and sed i men ta tion in deep-wa ter con di tions on the palaeovalley floor. Con sid er ing in gen eral terms the Mio cene evaporite de po sition in the vi cin ity of Pilzno, it can be as sumed that the sul phate and chlo ride brines were pre sum ably con cen trated due to sea wa ter evap o ra tion on flat or gently un du lat ing shoals at the top of the pla teaux ex tend ing be yond the palaeovalley to the north, east and west. Pre cip i ta tion of cal cium sul phate and, prob a bly also, ha lite took place on the pla teaux when the brines be came sat u rated. Im por tant vol umes of the brines may have been trans ported down the palaeovalley slopes (Bukowski, 2011) .
The so dium chlo ride brines, be ing heavier than those of calcium sul phate, may have eas ily flowed down the slopes of the palaeovalley, pos si bly achiev ing sat u ra tion on the palaeovalley bot tom. This may have given rise to a deep-wa ter pre cip i ta tion of ha lite, as in di cated by some (though few) core de scrip tions (Ap pen dix 1), re cord ing reg u lar ha lite lay ers that may have resulted from pre cip i ta tion. The avail able his tor i cal core ma te rial is, un for tu nately, very sparse and, thus, of lim ited ap pli ca bil ity in at tempts to de ci sively con strain this, oth er wise prob a ble, hypoth e sis.
Apart from the pos si bil ity of deep-wa ter pre cip i ta tion of halite, an other mech a nism of ha lite and anhydrite ac cu mu la tion Palaeovalleys dis cussed: 1 -Pogórska Wola, 2 -Rzeszów-Sêdziszów, 3 -Nesvaèilka, 4 -Vranovice, 5 -Iváò at tempts to de ci sively con strain this, oth er wise prob a ble, hypoth e sis. Apart from the pos si bil ity of deep-wa ter pre cip i ta tion of halite, an other mech a nism of ha lite and anhydrite ac cu mu la tion on the palaeovalley floor must have cer tainly op er ated. This was redeposition of evaporitic sed i ment that had orig i nally precip i tated in shal low-wa ter con di tions on the pla teaux. These prob a bly not-yet-fully lithified evaporites were sub se quently likely me chan i cally mo bi lized by sea cur rents, wind waves and/or earth quakes that must have been fre quent in front of the ad vanc ing orogenic wedge (Peryt and Kasprzyk, 1992) . The slightly less dense chlo ride-fa cies de pos its (in con trast to heavier chlo ride brines), that, more over, had most prob a bly orig i nally set tled on top of ear lier pre cip i tated an hyd rites (G. Czapowski, pers. comm., 2015) , were likely more mo bile than the lat ter and more eas ily re moved from their orig i nal place of set tle ment (Cendón et al., 2004; Bukowski, 2011) . The res i due re main ing on the pla teaux com prised mostly sul phate min er als. The mo bi lized ma te rial of chlo rides and sulphates was sub sequently trans ported to the de pressed lo ca tions in the ba sin, nota bly to the palaeovalley bot tom. The trans port was in the form of grav ity flows of sus pended ma te rial, car ry ing crys tal fragments and de bris of evaporite sed i ments, to gether with the accom pa ny ing mud, sand and clay (cf. Kolasa and OEl¹czka, 1985; Bukowski, 1994; OEl¹czka and Kolasa, 1997; Peryt, 2000; Cendón et al., 2004) . The heavier sul phate crys tals were the first to set tle from sus pen sion in the up per parts of the palaeovalley, whereas the lighter chlo ride crys tals must have been pref er en tially trans ported far ther south, down the the palaeovalley axis (Fig. 19 ) and de pos ited in its deeper parts (den sity dif fer en ti a tion typ i cal of grav ity flow de pos its -e.g., Middle ton and Ham pton, 1973; Weimer and Link, 1991) .
The redeposition of evaporites in the palaeovalley is cor robo rated by the pres ence of Ju ras sic rock frag ments, ap par ently com ing from the palaeovalley slopes, doc u mented in the evaporite suc ces sion in the Pogórska Wola-16 bore hole (see Ap pen dix 1). The rapid trans port made it pos si ble for the chloride crys tals to avoid dis so lu tion by undersaturated sea wa ter on their way down the palaeovalley axis, whereas at their fi nal des ti na tion, the sea wa ter may have been sat u rated with respect to so dium chlo ride.
The above ex plained hy po thet i cal de po si tion mech a nism for the Pilzno evaporites ex plains the fact that in the shal lower, north ern part of the palaeovalley it is mostly sul phate fa cies evaporites that are pre served (in the Pogórska Wola-16 and ukowice-44 bore holes), whereas the south ern, more dis tal part of the val ley is more abun dant in chlorides. 512 Andrzej G³uszyñski and Pawe³ Aleksandrowski
Fig. 19. Re con struc tion of the Pogórska Wola val ley dur ing the evaporite de po si tion on a trans verse (A) and lon gi tu di nal (B) cross-sec tion and on a syn op tic, gen er al ized, block di a gram show ing ba sin-scale in ter re la tion ships (C)
In the area stud ied, the redeposition prob a bly oc curred in sev eral pulses, syn chro nous with clayey-muddy sed i ment supply to the ba sin from the ad vanc ing and con cur rently eroded Carpathian flysch wedge (Figs. 19C and 20) , re sult ing in co exis tence of ha lite, anhydrite, clayey and clayey-marly ma te rial in the evaporites on the palaeovalley floor. A syn chro nous sup ply of brines to the palaeovalley from the shal low-wa ter pla teaux in the north, and of the eroded clayey ma te rial de rived from the Carpathians in the south, pro duced salty-clayey (zuber) de posits and anhydrite-clay laminites (Ap pen dix 1). Nei ther the evaporite fa cies de pos its nor the sub-evaporite Skawina Forma tion sed i ments were pre served on the steep palaeovalley slopes, as known from the ¯d¿ary-7 bore hole and from the seismic data. The lack of the evaporite ho ri zon also on top of the palaeovalley shoul ders near ¯d¿ary and ¯ukowice, can, sim ilarly, be ex plained by ero sion that must have been par tic u larly ac tive near to the up per edges of the palaeovalley slopes. Worth men tion ing here is the rad i cal idea of Po³towicz (1999), who as sumed that the or i gin of ha lite in side the Pogórska Wola palaeovalley is solely due to its redeposition and that no pre cip ita tion took place at depth on the palaeovalley floor.
CONCLUSIONS
In tense pre-Late Badenian (end Cre ta ceous and/or Oligocene-Early Mio cene?) ero sion, local ized in a shal low graben and along pre-ex ist ing faults and frac ture zones, pro duced the prom i nent, Pogórska Wola, palaeovalley, deeply cut (up to 1300 m) into the Cre ta ceous-Ju ras sic floor of the Carpathian Foredeep Ba sin near Pilzno, SE Po land. The palaeovalley strongly af fected the pat tern of Middle Mio cene sed i men ta tion of the ba sin fill, re sult ing in much in creased thick nesses (in depend ently of tec tonic de for ma tion) of the Badenian sub --evaporite, evaporite and su pra-evaporite beds in side it, when com pared to those on the ad ja cent pla teaux.
We in fer that the evaporite de pos its, cur rently con sti tut ing the lower part of the Pogórska Wola palaeovalley fill, were re depos ited in deep-wa ter con di tions (600-900 m) af ter re moval from the nearby shal low-wa ter pla teaux in a sce nario ear lier sug gested for the ero sional troughs in the Carpathian Fore -deep. Orig i nally, the sul phate and chlo ride brines be came concen trated and sat u rated on the rel a tively flat or un du lat ing tops of the shal low-wa ter pla teaux and on top of the Carpathian flysch in a thrust-top sit u a tion SW of the study area. The brines, in par tic u lar the heavier chlo ride-rich brine, were partly transported downslope into the palaeovalley bot tom. From the brines re main ing in situ, evaporites formed on the pla teaux due to precip i ta tion of sulphates and chlo rides. Sub se quently, the newly formed evaporites, par tic u larly chlo rides, be came mo bi lised and eroded by endogenic, most prob a bly earth quake-driven, and supergene fac tors, such as e.g., sea cur rents or wind waves, and trans ported to lower lo ca tions in the ba sin, in par ticu lar to the palaeovalley floor, where they be came re de pos ited. In this way, the sig nif i cant, el e va tion-sen si tive lat eral fa cies differ en ti a tion of the evaporites in the vi cin i ties of Pilzno and Pogórska Wola, is ex plained by de ple tion of the more el e vated ar eas, where the orig i nal evaporite pre cip i ta tion oc curred, in the less dense ha lite ma te rial, which was most eas ily trans ported downslope and down the palaeovalley axis be fore it be came rede pos ited. The heavier sul phate crys tals, even if mo bi lized and eroded, set tled sooner and partly avoided such dis tant transport, thus con trib ut ing to the fa cies dif fer en ti a tion. In de pendently, the palaeotopography of the Mio cene foredeep floor and the re lated evaporite fa cies dis tri bu tion ex erted a par a mount influ ence on the thrust ge om e try at the Carpathian orogenic front, which will be ad dressed in a sep a rate paper.
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Fig. 20. Scheme of evaporite fa cies dis tri bu tion dur ing de po si tion near to Pilzno
Such a dis tri bu tion later con trolled the thrust ing at the Carpathian orogenic front and re sulted in vari a tions in its struc tural ge om e try
